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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
The idea of artificial cellular and porous materials originated from nature which 
creates structural optimization with respect to weight and load-carrying capacities.  Bones, 
cork, wood, honeycombs and foams are natural materials to name a few, structured to have 
the wonderful properties according to their needs. Due to their unique cellular structure, for 
years people have been working on the development of artificial cellular materials in order to 
fulfill the potential materials demand in the near future. Starting in 1960s, the geometry of 
honeycombs was identically converted into aluminium structures as cores of lightweight 
sandwich panels in the aviation and space industries [1]. In 1970, the concept of porous and 
cellular metals first emerged [2-4]. The combination of specific mechanical and physical 
properties in the cellular materials makes the newfound composite varying from the ordinary 
dense metal. Cellular metals are being thoroughly investigated since they have a wide range 
of different possible arrangements and forms of cell structures. Open- and closed-type 
classical metal foams were illustrated in Figure 1.1 taken from literature [5-6]. 
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Figure 1.1: Cellular metals: a) M-Pore® (aluminium sponge); b) Alporas® (aluminium foam); 
c) Brass foam [5-6] . 
The usage of composite materials in various industries including marine, aerospace 
and chemical process plant shows that this alternative material is capable to replace 
traditional ferrous materials. Composite materials comprise of the reinforced phase bounded 
within a matrix or binder, e.g. Carbon Fiber Reinforced Plastic (CFRP) and Fibre glass. There 
are various reinforcing materials in terms of shape such as fibers, whiskers, cloth, braids, 
dispersed particles, and flakes [7-9]. For this research project, the characteristic of hollow 
spheres immersed in a polymer matrix was investigated. 
 
 
1.2 Problem Identification 
 
 
  Classical engineering materials utilized in many industrial fields reach their 
limitations in properties thus, new developments are required. The increasing demands can be 
satisfied in many fields with introducing advanced structured materials. For instance, 
syntactic foams are of a promising candidate in this context. The prediction and optimization 
of physical properties require the development of accurate and justified computational 
models from which constitutive equations and material properties can be derived. By means 
of an advanced commercial finite element analysis code, this research has comprehensively 
investigated the trend and behavior of hollow sphere structure composites based on 
perforated inclusions. 
 
 
 
 
 
c) b) a) 
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1.3 Objective 
 
 
The primary objective of this thesis is to develop adequate computational models 
based on different unit cell approaches. Optimized meshes should be determined based on 
mesh refinement analysis. The following physical parameters should be predicted for 
different geometrical properties and material sets; 
 
i. Average mechanical properties (i.e. elastic properties) and  
ii. Average heat transfer properties (i.e. heat conductivity). 
 
 
1.4 Scope of Study 
 
 
The scope of this research is as follows: 
i. Generate finite element models for the hollow sphere composites; 
ii. Run simulations for different parameters; 
iii. Evaluation and interpretation of the numerical results. 
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Figure 1.2: Gantt chart
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1.6 Summary 
 
This chapter introduces the past and current development on hollow sphere structures. 
Initiating with successfully transformed natural honeycombs geometry with aluminium core, 
the investigation on the advanced materials continues rapidly with the novel PHSS. The shell 
of the HSS with the perforated structure offers a variety of specific mechanical and physical 
properties to be explored. The scopes and objective of this research were also highlighted in 
this chapter. Last but not least, the Gantt chart for this thesis was also included. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
